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The study assessed the influence of varying cooking temperatures on the 
antioxidant properties of the aqueous extract of Piper guineense seeds. 
Different portions of the aqueous extract of P. guineense seeds were cooked at 
different temperatures which include 50 oC, 70 oC, and 90 oC for 10 minutes, 
while the remaining portion was allowed to stand for 10 minutes at room 
temperature of 29 oC and all were assessed for the evaluations of reducing 
power, radical scavenging capacities, and total phenolic contents. The results 
showed that there was a significant increase in the ferric reducing power at  
90 oC, however, there was no significant difference between the raw and the 
cooked P. guineense seeds at 50 oC and 70 oC. In addition, the radical 
scavenging potential of the extract was highest at 70 oC, however, none of the 
cooked P. guineense seeds at the selected temperatures exhibited lower DPPH 
scavenging property. A similar trend was observed for the phenolic content of 
the extract with a significant reduction at 90 oC. The study suggests that 















Free radicals are substances carrying unpaired 
electrons synthesized in small amounts, possessing 
the ability to attack another with no unpaired 
electron, causing oxidative damage to cellular 
macromolecules such as proteins, DNA, and lipids, 
leading to increased risk of degenerative diseases 
(Rezaeizadeh et al., 2011). However, free radicals 
can be beneficial to biological systems and the 
obvious examples include their role in immune 
defence, antibacterial action, vascular tone, signal 
transduction, etc. (Gutowski, 2013). Medicinal 
plants are said to be a rich source of antioxidants, 
which are an effective and persuasive alternative 
with few and transient side effects in curing and 
managing ailments (Pandey et al., 2011; Sofowora 
et al., 2013; Ortega-Ramirez et al., 2014; Guan and 
He, 2015). Medicinal plant extracts (as well as 
herbal/spices) contain different non-nutrient 
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compounds with a variety of biological behaviour of 
valuable therapeutic indices. These ameliorating 
and protective effects of plants are associated with 
the activities, concentration, and potentials of 
phytochemicals (Poongothai et al., 2011; Etim et al., 
2013). Herbs, spices, and other plant parts have been 
used in many different ways. Since the past few 
decades, there has been a tremendous increase of 
interest in using dietary antioxidants, especially 
from plant sources, to reduce the risk of 
degenerative diseases such as cardiovascular 
disease, cancer, and immune dysfunction (Chun et 
al., 2005; Maritess et al., 2005). This emerging 
interest had been associated with high antioxidant 
activity of some of the spices and their beneficial 
effects on human health (Charles, 2013; Choi et al., 
2014; Alexander et al., 2017; McCormick, 2020). 
Antioxidants can be defined as any molecule 
capable of stabilizing or terminating the effects of 
free radicals in the cells. Antioxidants could exhibit 
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a beneficial role in maintaining human health by 
inhibiting or delaying free radical damage in the 
body (Rahman, 2007). A large group of 
phytoconstituents such as phenolic compounds, 
sulphur-containing compounds, tannins, alkaloids, 
phenolic diterpenes, and vitamins from spices has 
been proved to possess antioxidant properties 
(Peter, 2001; Peter, 2004; Parthasarathy et al., 2008; 
Charles, 2013; Yesiloglu et al., 2013; Choi and Cha, 
2014; Srinivasan, 2014; McCormick, 2020). Piper 
guineense (Schumach & Thonn), belongs to a family 
of Piperaceae. It is found in the tropical region of 
Central and Western Africa and it is a climbing 
perennial plant commonly known as West African 
black pepper. Piper guineense, with indigenous 
name Iyere in Yoruba and Uziza in Ibo, similar to 
cubeb pepper in terms of flavour but fresher and less 
bitter, is widely consumed as a spice in food and its 
fruits contain essential oil and pungent piperine 
constituting 5 to 8 % of the weight of black pepper. 
It is therefore used in the beverage and 
pharmaceutical industries as flavouring and as a 
preservative agent (Opara, 2014; Oyemitan et al., 
2014; De LaTorres et al., 2017). The spiciness of the 
pepper is due to the presence of resins, 
predominantly chavicine and the yellow alkaloid 
(Hassan et al., 2010). The reported medicinal 
beneficial effects of P. guineense include keeping 
the body warm and prevention, cold morning 
sickness, allergy treatment, and prevention (Ekanem 
et al., 2010; Tankan and Ito, 2013; Etim et al., 2013; 
Opara, 2014). 
While fruits are mostly consumed in their raw form, 
vegetables are usually consumed after cooking, 
performed in different ways, either according to 
personal tastes or culinary traditions. Food 
processing is a set of methods and techniques 
applied towards the transformation of raw 
ingredients into food for consumption by humans 
and animals. This is done not only to improve 
flavour, digestibility, and palatability of foods but 
also to increase food safety, either by the destruction 
of microorganisms and/or inactivation of 
antinutritional factors, such as the inactivation of 
polyphenol oxidase (Palermo et al., 2014). 
However, biological, chemical, and physical 
properties of vegetables are modified during  thermal 
food processing, causing changes in flavour, texture, 
or colour, and most indispensably, its effects on the 
concentration of non-nutrient compounds and 
bioavailability (such as the release of free polyphenols 
from fibre-bound polyphenols) in vegetables (Palermo 
et al., 2014). Interestingly, these modifications depend 
upon the differences in the employed methods of food 
processing and morphological and nutritional 
characteristics of vegetable species  
(Nicoli et al., 1999; Lee and Kader, 2000; Miglio et 
al., 2008; Sengul et al., 2014). 
Therefore, the present study was carried out to 
evaluate the effect of varying cooking temperature 
on total phenolic content, antioxidant potentials, and 
DPPH-radical scavenging activity of P. guineense 
seed aqueous extract, to study the possibility of 
utilizing the plant in the treatment and management 
of disorders. 
 




Absolute methanol and 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) were obtained from JHD in China and the other 
reagents were of analytical grade. Fresh seeds of P. 
guineense were purchased from Ogunmakin market, 
Obafemi/Owode Local Government, Ogun State, 
Nigeria and authenticated at the Department of 
Biological Sciences, McPherson University at room 
temperature of 30±1 C. Filter paper (Whatman grade 1) 
and an electrical thermostatic water bath were used, and 
all spectrophotometric analyses were performed on the 






Exactly 5.0 g of the dried sample was ground to a fine 
powder and extracted with 50 mL of distilled water for 
120 minutes at room temperature of 29 C. The dried 
sample was ground to a fine powder (15.0 g) and 
extracted with 150 mL of distilled water at 50 C, 70 C, 
and 90 C. The samples were filtered on Whatman TM 
No 1. The filtrate was used for the assessment of phenolic 
contents, ferric reducing power, and radical scavenging 
capacities. 
 
Ferric Reducing Power Assay 
 
The reducing property of each cooked extract and the 
raw extracts were determined spectrometrically as 
described by Oyaizu (1986). The extract (2.5 mL) was 
mixed with 2.5 ml of 200 mmol/L sodium phosphate 
buffer (pH 6.6) and 2.5 mL of 1% potassium 
ferricyanide. The mixture was incubated at 50 °C for 20 
min and then 2.5 mL of 10 % trichloroacetic acid (TCA) 
was added. This mixture was subjected to centrifugation 
at 650 rpm for 10 min, 5 ml of the supernatant was mixed 
with an equal volume of water, and 1 mL of 0.1% FeCl3. 
The absorbance was read at 700 nm. The ferric reducing 
antioxidant potential was subsequently calculated using 
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ascorbic acid as the standard and the result was expressed 
in ascorbic acid equivalent mg per 100 g of the fresh 
sample. 
 
Determination of Percentage of Radical Scavenging 
Capacity 
 
The radical-scavenging potential of each cooked extract 
and raw extracts were assessed as described by Oso and 
Ogidi (2019), using 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radical as the source of the free radical. Exactly 
2.0 mL of each extract was mixed with 1.0mL of 100 
µM DPPH solution prepared in methanol and the 
mixture was left in the dark for 20 minutes. The 
absorbance was measured at 517 nm and the 
percentage of radical scavenging capacity was 
calculated relative to that of the control without the 
extract according to the equation: 
 






A0 = the absorbance of the control; A1 = the 
absorbance of the sample. 
 
 
Determination of total phenolic content 
 
The quantity of TPC was estimated using the Folin– 
Ciocalteau reagent (Singleton et al., 1999). Precisely 
1.0 mL of the Folin–Ciocalteau reagent (1:10 v/v) was 
added to 0.5 mL of the sample and left to stand at room 
temperature for 20 minutes, thereafter, 5 mL of 10% 
(w/v) Na2CO3 was added. The absorbance was read at 
725 nm after 10 minutes. The quantity of the total 
phenolics was calculated as garlic acid equivalent 




The obtained results were expressed as means ± standard 
error of the mean of three determinations and analysed 
using one-way variance analysis (ANOVA) for mean 
differences between treatments, followed by the 
Duncan multiple range test for post-hoc correlation 





The influence of temperature on the antioxidant 
properties of P. guineense seeds is presented in Table 
1. The results showed that the reducing power of 
fresh and cooked P. guineense seeds at different 
temperatures (50 C, 70 C, and 90 C). Cooking at 
these respective temperatures (50 C and 70 C) 
caused no significant differences (p<0.05) in the 
reducing power activity of P. guineense seeds. 
However, at 90 C, a significant increase (p<0.05) in 
the reducing power potential (595.07±91.92 mg/100 
g DW) of P. guineense seeds was observed. 
In addition, no significant difference (p<0.05) was 
observed between DPPH scavenging activity of raw 
P. guineense seeds and cooked P. guineense seeds at 
50 C. However, a significant increase (p<0.05) in 
DPPH scavenging potential of P. guineense seeds 
was observed at higher temperatures and the increase 
is temperature-dependent. The total phenolic content 
of raw P. guineense seeds was significantly different 
(p<0.05) from the cooked P. guineense seeds at all 
temperatures (Fig. 1). The cooking of P. guineense 
seeds reduced the total phenolic content at all 
temperatures except at 70 C, where a significant 




Table 1. Ferric ion reducing activity (mg/100g DW) and DPPH radical scavenging activity (%) of P. guineense seeds  
and at different cooking temperatures 
 
Extracts FRAP mg/100g DW) DPPH (%) 
RPGAE 299.45±26.60a 9.83±0.64a 
PGAE 50 432.66±19.23ab 11.16±0.67ab 
PGAE 70 477.37±68.74ab 20.41±0.17b 
PGAE 90 595.07±91.92b 12.15±0.77c 
Values are expressed as the mean of 3 replicates ± standard error of the mean. Values with different superscripts within a column are significantly different (p 
<0.05). PGAE= P. guineense aqueous extract, RPGAE= Raw P. guineense aqueous extract, PGAE 50= P. guineense aqueous extract at 50 oC, PGAE 70= P. 











Fig. 1. Total phenolic content (mg/100g DW) of P. guineense seeds and at different cooking temperatures. PGAE= P. 
guineense aqueous extract, RPGAE= Raw P. guineense aqueous extract, PGAE 50= P. guineense aqueous extract at 50 C, 
PGAE 70= P. guineense aqueous extract at 70 C, PGAE 90= P. guineense aqueous extract at 90 C 
 
Values are expressed as the mean of 3 replicates ± standard error of the mean. Values with different superscripts on 
the bar are significantly different (p <0.05). PGAE= P. guineense aqueous extract, RPGAE= Raw P. guineense 
aqueous extract, PGAE 50= P. guineense aqueous extract at 50 C, PGAE 70= P. guineense aqueous extract at 




Antioxidants, either exogenous or endogenous, are 
vital substances that exhibit a protective effect on the 
body from damage caused by free radical-induced 
oxidative stress (Ghasemzadeh and Ghasemzadeh, 
2011). Research has shown that exogenous 
antioxidants can be obtained from synthetic products 
such as butylated hydroxyanisole, butylated 
hydroxytoluene, and tertiary butylhydroquinone, 
which have been used extensively in foods or plant 
foods which are a rich source of non-nutrient 
compounds to prevent oxidation. However, synthetic 
antioxidants used as additives in foods had been 
discouraged because of their toxicities and 
carcinogenicities (Zhang et al., 2016). Interestingly, 
natural antioxidants such as flavonoids, tannins, and 
phenolics found in various plant parts/products such as 
fruits, leaves, seeds, and oils (Faller and Fialho, 2009) 
are presumed safe with equal or better antioxidant 
potential than synthetic antioxidant values (Thaiphong 
et al.,2006; Doss and Pugalenthi, 2012; Kumar and 
Pandey, 2013). Conversely, most plant foods are 
consumed after food processing such as boiling, 
frying, roasting, to mention but a few, for better 
digestion and metabolism in the human digestive 
system. Food processing mainly involves boiling with 
different energy transfer media such as air, soil, water, 
and electromagnetic waves (Nayak et al., 2015). 
Convincing evidence has shown that cooking of plant 
foods could cause a mixed effect on non-nutrient 
compounds responsible for therapeutic effects, such as 
the antioxidant potential of plant foods. Therefore, the 
present study has investigated the effect of different 
cooking temperatures on P. guineense seed aqueous 
extract to evaluate the concentration and 
bioavailability of phytoconstituents in P. guineense 
seeds responsible for its antioxidant properties. 
The result of the study indicates that cooking 
contributed to an increase in the mean, reducing the 
potential of P. guineense seeds compared to the raw 
sample, even at a temperature that is as high as 90 C. 
However, this report of significant increases at a high 
temperature (90 C), which is not in agreement with 
Mayeaux et al. (2006), who reported that an increase 
in time with the cooking temperature of 90 C could 
be responsible for the decrease in activity and stability 
of some phytochemicals. Also, the increase in ferric 
reducing activity could be due to a high concentration 
of iron content, a prooxidant in P. guineense seeds 
(Imo et al., 2018) that is temperature dependant. 
Phenolic compounds, phenolic acids, and polyphenols 
are the main class of secondary metabolites in plants 
that are linked to carbohydrates (Harbone et al., 1999). 
Several reports have shown a pungent and positive 
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antioxidant potentials (Reddy et al., 2010; Sarawong 
et al., 2014). To substantiate the antioxidant potential 
of P. guineense seeds, the total phenolic content was 
evaluated and the result shows that TPC decreases 
from 236.±1.08 to 200.12±1.08 mg/100g DW at 50 C. 
This could imply that the condition could favour the 
activity of phenoloxidase, which could promote the 
oxidation of phenol and in turn reduce the phenolic 
content. This result agrees with the report of Perla et 
al. (2012), who found that thermal processing reduced 
phenolic content in food. At 70 C, there was a 5.29% 
increase in phenolic content compared to raw P. 
guineense seeds. The increase could be a result of an 
increase in temperature inducing the release of 
phenolic compounds from the bound carbohydrates 
due to the rupture of the cell wall (Harbaum et al., 
2007) or due to their high solubility in water (Ahmed 
and Ali, 2013). Also, this could be due to the inhibition 
of phenoloxidase activity (Chakraborty et al., 2015) or 
tissue dehydration (Schweiggert et al., 2006). In 
opposition, the antioxidant potential of P. guineense 
seeds reduced significantly at 90 C and could be due 
to the destruction in piperidine, an important oil 
responsible for pungent antioxidant properties of P. 
guineense seeds via the increased bioavailability of 
other non-nutrient compounds (Shoba et al., 1998). 
Besides, the radical scavenging capacity of P. 
guineense seeds was evaluated and the result showed 
better radical scavenging potential at all boiling 
temperatures compared to the raw extracts. 
Interestingly, the radical scavenging potential of P. 
guineense seeds observed at 50 C, 70 C, and 90 C 
are respectively 13.53%, 107.63%, and 23.60% higher 
than the raw extract. This result commensurates with 
the phenolic content of P. guineense seeds boiled at 70 
C where more of it is released. This result 
corresponds with the already established claim that the 
total phenolic content corresponds to the antioxidant 




The present study concludes that phenolic content and 
antioxidant potentials of P. guineense seeds were 
cooking temperature-dependent. Boiling at the 
temperature of 70°C increased the phenolic content, 
the ferric reducing potential, and radical scavenging 
capacity in the seeds. However, the total phenolic 
content decreased at a higher temperature of 90°C thus 
suggesting 70°C as the optimum cooking temperature 
for the consumption of P. guineense seeds as a spice 
for individual or commercial purposes. 
 
Author Contributions: BJO and IFO designed the 
work, analysed the data, and wrote the manuscript. 
Funding: This research received no external funding. 





Ahmed, F.A., Ali, R.F.M. (2013): Bioactive compounds 
and antioxidant activity of fresh and processed white 
cauliflower. Biomed. Res. Int. 1-9. 
http://dx.doi.org/10.1155/2013/367819. 
Alexander, Y., Yakov, Y., Xiaoyan, X., Boris, N. (2017): 
Antioxidant activity of spices and their impact on 
human health. J Antioxidants 6 (70), 1-18. 
10.3390/antiox6030070. 
Chakraborty, S., Rao, P.S., Mishra, H.N. (2015): Kinetic 
modeling of polyphenol oxidase and peroxidase 
inactivation in pineapple (Ananas comosus L.) puree 
during high- pressure and thermal treatments. Innov. 
Food Sci. Emerg. Technology 27, 57-68. 
https://doi.org/10.1016/j.ifset.2014.11.003. 
Charles, D.J. (2013): Antioxidant properties of spices, herbs 
and other sources; Springer: New York, USA, pp. 612. 
https://doi.org/10.1007/978-1-4614-4310-0. 
Choi, I.S., Cha, H.S., Lee, Y.S. (2014): Physicochemical 
and antioxidant properties of black garlic. Molecules 
19 (10), 16811-16823. 
https://doi.org/10.3390/molecules191016811. 
Chun, O.K., Kim, D., Smith, N., Schroeder, D., Han, J.T., 
Chang Yong Lee, C.Y. (2005): Daily consumption of 
phenolics and total antioxidant capacity from fruit and 
vegetables in the American diet. J. Science of Food 
and Agriculture 85 (10), 1715-1724. 
https://doi.org/10.1002/jsfa.2176. 
De LaTorres, J.E., Gassara, F., Kouassi, A.P., Brar, S.K., 
Belkacemi, K. (2017): Spice use in food: properties 
and benefits. Crit. Rev.Food Sci. Nutr. 57 (6), 1078-
1088. 
https://doi.org/10.1080/10408398.2013.858235. 
Doss, A., Pugalenthi, M. (2012): Evaluation of antioxidant 
activity and phytochemical screening of Malus 
domestica Borkh (Apple) and Phaseolus vulgaris L. 
(Green beans). J. Pharm. Sci. Innov. 3, 1-4. 
Ekanem, A.P., Udoh, F.V., Oku, E.E. (2010): Effects of 
ethanol extract of Piper guineense seeds (Schum. & 
Thonn.) on the conception of mice (Mus musculus). 
Afr. J. Pharm. Pharm. 4 (6), 362-367. 
Etim, O.E., Egbuna, C.P., Odo, C.F., Udoh, N.M., Awah, 
F.M. (2013): In vitro antioxidant and nitric oxide 
scavenging activities of Piper guineense seeds. Glob. 
J. Res. Med. Plants Indig. Med. 2 (7), 485-494. 
Faller, A.L.K., Fialho, E. (2009): The antioxidant capacity 
and polyphenol content of organic and conventional 
retail vegetables after domestic cooking. Food Res. 
Int. 42 (1), 210-215. 
https://doi.org/10.1016/j.foodres.2008.10.009. 
Ghasemzadeh, A., Ghasemzadeh, N. (2011): Flavonoids 
and phenolic acids: role and biochemical activity in 
plants and human J. Med. Plants Res. 5 (31), 6697-
6703. https://doi.org/10.5897/JMPR11.1404. 
Babatunde Oso and Ige Olaoye / The Influence of varying cooking temperatures … / Croat. J. Food Sci. Technol. / (2020) 12 (2) 211-217 
216 
Guan, Y.S., He, Q. (2015): Plants consumption and liver 
health. Evid. Based Complement. Altern. Med. 
824185, 1-10. https://doi.org/10.1155/2015/824185. 
Gutowski, M., Kowalczyk, S. (2013): A study of free 
radical chemistry: Their role and pathophysiological 
significance. Acta Biochimica Polonica 60 (1), 1-16. 
https://doi.org/10.18388/abp.2013_1944. 
Harbaum, B., Hubbermann, E.M., Wolff, C., Herges, R., 
Zhu, Z., Schwarz, K. (2007): Identification of 
flavonoids and hydroxycinnamic acids in pak choi 
varieties (Brassica campestris L. ssp. chinensis var. 
communis) by HPLC– ESI-MSn and NMR and their 
quantification by HPLC–DAD. J. of Agricultural and 
Food Chemistry 55 (20), 8251-8260. 
https://doi.org/10.1021/jf071314+. 
Harbone, J.B., Baxter, H., Moss, G.P. (1999): 
Phytochemical dictionary: A handbook of bioactive 
compounds from plants. 2nd ed. London: Taylor & 
Francis. p. 976. 
Hassan, D.I., Ogah, D.M., Yusuf, N.D., Musa, M.M., Saidu, 
G.M. (2010): The effect of acute and chronic (short 
and long term) oral administrations of black pepper 
(Piper guineense) aqueous extract on the body weight 
and haematological values of albino-Wistar rat. J. 
Med. Plants Res. 4 (12), 1122-1125. 
Imo C., Yakubu, O.E., Imo, N.G., Udegbunam, I.S., Tatah, 
S.V., Onukwugha, O.J. (2018): Proximate, mineral 
and phytochemical composition of Piper guineense 
seeds and leaves. J. Biol. Sci. 18 (7), 329-337. 
https://doi.org/10.3923/jbs.2018.329.337. 
Kumar, S., Pandey, A.K. (2013): Chemistry and biological 
activities of flavonoids: An overview. Sci. World J. 
Article ID 162750, 16 pages. 
https://doi.org/10.1155/2013/162750. 
Lee, S.K., Kader, A.A. (2000): Pre-harvest and post-harvest 
factors influencing vitamin c content of horticultural 
crops. Postharvest Biology and Technology 20 (3), 
207-220. https://doi.org/10.1016/S0925-
5214(00)00133-2. 
Maritess, C., Small, S., Waltz-Hill, M. (2005): Alternative 
nutrition therapies in cancer patients. Sem. Oncol. 
Nurs. 21 (3), 173-176. 
https://doi.org/10.1016/j.soncn.2005.04.005. 
Mayeaux, M., Xu, Z., King, J.M., Prinyawiwatkui, W. (2006): 
Effects of Cooking Conditions on the Lycopene Content 
in Tomatoes. J. Food Science 71 (8), C461-C464. 
https://doi.org/10.1111/j.17503841.2006.00163.x. 
McCormick. The History of Spices. Available online: 
http://www.mccormickscienceinstitute.com/resources
/history-of-spices Accessed January 11, 2020. 
Miglio, C., Chiavaro, E., Visconti, A., Fogliano, V., 
Pellegrini, N. (2008): Effects of different cooking 
methods on nutritional and physicochemical 
characteristics of selected vegetables, J. Agricultural 
and Food Chem. 56 (1), 139-147. 
https://doi.org/10.1021/jf072304b. 
Nayak, B., Liu, R.H., Tang, J. (2015): Effect of processing on 
phenolic antioxidants of fruits, vegetables, and grains: A 
review. Crit. Rev. Food Sci. Nutri. 55 (7), 887-918. 
https://doi.org/10.1080/10408398.2011.654142. 
Nicoli, M.C., Anese, M., Parpinel, M. (1999): Influence of 
processing on the antioxidant properties of fruit and 
vegetables. Trends in Food Science and Technology 
10 (3), 94-100. https://doi.org/10.1016/S0924-
2244(99)00023-0. 
Opara, M.N. (2014): Some Edible Spices of southeastern 
Nigeria with antiparasitic properties: A review. Am. J. 
Ethnomed. 1 (6), 384-392. 
Ortega-Ramirez, L.A., Rodriguez-Garcia, I., Leyva, J.M., 
Cruz-Valenzuela, M.R., Silva-Espinoza, B.A., 
Gonzalez-Aguilar, G.A., Siddiqui, M. and Ayala-
Zavala, J. F. (2014): Potential of medicinal plants as 
antimicrobial and antioxidant agents in food industry: 
A hypothesis. J. Food Sci. 79 (2), R129-37. 
https://doi.org/10.1111/1750-3841.12341. 
Oso, B.J., Ogidi, C.O. (2019): Antioxidant assays by 
reducing potential and 2, 2-diphenyl-1-picrylhydrazyl 
radical scavenging techniques as affected by ph and 
ion concentrations. Brazilian J. Biol. Sci. 6 (12), 53-
61. https://doi.org/10.21472/bjbs.061206. 
Oyaizu, M. (1986): Studies on products of browning 
reactions: antioxidant activities of products of 
browning reaction prepared from glucosamine. J. 
Nutr. 44 (6), 307-315. 
https://doi.org/10.5264/eiyogakuzashi.44.307. 
Oyemitan, I.A., Kolawole, F., Oyedeji, A.O. (2014): Acute 
toxicity, antinociceptive and anti-inflammatory 
activity of the essential oil of fresh fruits of Piper 
guineense, Schum & Thonn (Piperaceae) in rodents. J. 
Med. Plants Res. 8 (40), 1191-1197. 
https://doi.org/10.5897/JMPR2014.5639. 
Palermo, M., Pellegrini, N., Fogliano, V. (2014): The effect 
of cooking on the phytochemical content of 
vegetables. J. sci food and agriculture 94 (6), 1057-
70. https://doi.org/10.1002/jsfa.6478. 
Pandey, N., Meena, R.P., Rai, S.K., Pandey-Rai, S. (2011): 
Medicinal plants derived nutraceuticals: A re-
emerging health aid. Int. J. Pharm. Biosci. 2 (4), 419-
441. 
Parthasarathy, V.A., Chempakam, B., Zachariah, T.J. 
(2008): Chemistry of spices, CABI: Oxfordshire, UK, 
pp.17-35. 
Perla, V., Holm, D.G., Jayanty, S.S. (2012). Effects of 
cooking methods on polyphenols, pigments and 
antioxidant activity in potato tubers. LWT-Food Sci. 
Technology 45 (2), 161-171. 
https://doi.org/10.1016/j.lwt.2011.08.005. 
Peter, K.V. (2001): Handbook of herbs and spices; 
Woodhead Publishing Limited and CRC Press LLS: 
Cambridge, UK, Volume 1, pp. 19-26. 
Peter, K.V. (2004). Handbook of Herbs and Spices; 
Woodhead Publishing Limited: Cambridge, UK, 2, 
pp. 9-30. 
Poongothai, A., Sreena, K.P., Sreejith, K., Uthiralingam, 
M., Annapoorani, S. (2011): Preliminary 
phytochemicals screening of Ficus racemosa 
Linn.Bark. Int. J. Pharm Bio Sci. 2 (2), 431-434. 
Rahman, K. (2007): Studies on free radicals, antioxidants, 
and co-factors. Clin Interv Aging 2 (2), 219-236. 
Babatunde Oso and Ige Olaoye / The Influence of varying cooking temperatures … / Croat. J. Food Sci. Technol. / (2020) 12 (2) 211-217 
217 
Reddy, C.V.K., Sreeramulu, D., Raghunath, M. (2010): 
Antioxidant activity of fresh and dry fruits commonly 
consumed in india. Food Res. Int. 43, 285-288. 
https://doi.org/10.1016/j.foodres.2009.10.006. 
Rezaeizadeh, A., Zuki, A.B.Z., Abdollahi, M., Goh, Y.M., 
Noordin, M.M., Hamid, M., Azmi, T.I. (2011): 
Determination of antioxidant activity in methanolic 
and chloroformic extracts of Momordica charantia. 
Afr. J. Biotech. 10 (24), 4932-4940. 
https://doi.org/10.5897/AJB10.1972. 
Sarawong, C., Schoenlechner, R., Sekiguchi, K., Berghofer, 
E., Ng, P.K.W. (2014): Effect of extrusion cooking on 
the physicochemical properties, resistant starch, 
phenolic content and antioxidant capacities of green 
banana flour. Food chem. 143, 33-39. 
https://doi.org/10.1016/j.foodchem.2013.07.081. 
Schweiggert, U., Schieber, A., Carle, R. (2006): Effects of 
blanching and storage on capsaicinoid stability and 
peroxidase activity of hot chili peppers (Capscum 
frutescens L.).Innov. Food Sci. Emerg. Technol. 7 (3), 
217-224. https://doi.org/10.1016/j.ifset.2006.03.003. 
Sengul, M., Yildiz, H., Kavaz, A. (2014): The effect of cooking 
on total polyphenolic content and antioxidant activity of 
selected vegetables. Int. J. Food Prop. 17 (3), 481-490. 
https://doi.org/10.1080/10942912.2011.619292. 
Shoba, G., Joy, D., Joseph, T., Majeed, M., Rajendran, R., 
Srinivas, P.S. (1998): Influence of piperine on the 
pharmacokinetics of curcumin in animals and human 
volunteers. Planta Med. 64 (4), 353-356. 
https://doi.org/10.1055/s-2006-957450. 
Singleton, V.L., Orthofer, R., Lamuela-Raventos, R.M. 
(1999): Analysis of total phenols and other oxidation 
substrates and antioxidants by means of Folin-
Ciocalteu reagent. Methods in Enzymol. 299, 152-178. 
https://doi.org/10.1016/S0076-6879(99)99017-1. 
Sofowora, A., Ogunbodede, E., Onayade, A. (2013): The 
role and place of medicinal plants in the strategies for 
disease prevention. Afr. J. Tradit. Complement. 
Altern. Med. 10 (5), 210–229. 
https://doi.org/10.4314/ajtcam.v10i5.2. 
Srinivasan, K. (2014): Antioxidant potential of spices and their 
active constituents. Crit. Rev. Food Sci. Nutr. 54 (3), 352-
372. https://doi.org/10.1080/10408398.2011.585525. 
Tankan J.M., Ito, M. (2013): Inhalation of the essential oil 
of piper guineense from cameroon shows sedative and 
anxiolytic-like effects in mice. Biol. Pharm. Bull. 36 
(10), 1608-1614. https://doi.org/10.1248/bpb.b13-
00491. 
Thaiphong, K., Boonprakob, U., Crosby, K., Cisneros-
Zevallose, L., Byrne, D.H. (2006): Comparison of 
ABTS, DPPH, FRAP and ORAC assays for 
estimating antioxidant activity from guava fruit 
extracts. J. Food Compost. Anal. 19 (6-7), 669-675. 
https://doi.org/10.1016/j.jfca.2006.01.003. 
Yesiloglu, Y., Audin, H., Kilic, I. (2013): In vitro 
antioxidant activity of various extracts of ginger seed. 
Asian J. Chem. 25 (7), 3573-3578. 
Zhang, H., Wu, J., Guo, X. (2016): Effects of antimicrobial 
and antioxidants activities of spice extracts on raw 
chicken meat quality. Food Science and Human 
Wellness 5 (1), 39-48. 
https://doi.org/10.1016/j.fshw.2015.11.003. 
 
 
